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A B S T R A C T   

Despite decreases in mortality rate, the treatment of cognitive deficits following aneurysmal subarachnoid 
hemorrhage (aSAH) remains a serious challenge for clinicians and survivors alike. Deficits in executive function, 
language, and memory prevent more than half of survivors from returning to their previous level of work and put 
a tremendous amount of stress on the individual and their family. New therapies are needed for survivors of 
aSAH in order to improve cognitive outcomes and quality of life. The aim of this review is to discuss the 
prevalence and contributing factors of cognitive deficits following aSAH, as well as areas for therapeutic 
intervention. Due to the limited research on cognitive rehabilitative strategies for aSAH, a literature search of 
traumatic brain injury (TBI) was used to explore therapies with the potential to improve cognitive outcomes in 
aSAH. Across cognitive domains, existing rehabilitative and pharmacotherapeutic strategies for TBI show 
promise to be useful for survivors of aSAH. However, further study of these therapies in addition to consistent 
assessment of cognitive deficits are required to determine their efficacy in survivors of aSAH.   

1. Introduction 

Subarachnoid hemorrhage (SAH), most commonly caused by intra
cranial aneurysm rupture, is characterized by accumulation of blood in 
the subarachnoid space. The overall worldwide crude incidence of 
aneurysmal SAH (aSAH) was estimated to be 7.9 per 100,000 person- 
years, while the incidence in North America was estimated to be 6.9 
per 100,000 person-years in 2010.1 Some studies have suggested the 
incidence to be higher than documented due to misdiagnosis or death 
before arrival to the hospital.2,3 

The majority of aSAH occur in patients between 40 and 60 years of 
age.4,5 However, some studies report that children constitute a signifi
cant minority of cases, with aSAH accounting for more than 10% of 
childhood hemorrhagic strokes.6 

Over the past 30 years, the mortality rate following aSAH has 
dropped significantly. Previously reported as high as ~48%,7,8 advances 
in aSAH diagnosis and management have led to notably lower mortality 
rates in recent studies, with in-hospital mortality rates ranging from 8% 
to 24%.7–10 

ASAH patients reportedly experience deficits in executive function, 
verbal and nonverbal memory, visual-spatial function psychomotor 
speed, and other cognitive domains.11–13 Further, significant number of 
aSAH survivors report psychosocial and neurobehavioral changes that 
were disabling and burdensome to themselves and their family. Like
wise, over 50% fail to return to the same level of work, which attests to 
the devastating nature of these deficits.14,15 These cognitive deficits are 
not restricted to the immediate post-operative period. Survivors of aSAH 
experience accelerated cognitive decline at a greater rate than other 
neurovascular insults, including ischemic stroke, with a 2.6 times 
greater risk of dementia within 10 years of rupture compared to the 
general population.16–18 

Even though the diagnosis and management of aSAH in the acute 
phase is well documented, the management of functional and cognitive 
deficits is not very well studied.19 Research into health-related quality of 
life measures for aSAH patients with poor baseline cognitive function at 
discharge has demonstrated that quality of life outcomes are stratified 
by the presence or absence of improvement in cognitive deficits.20 As 
such, optimizing cognitive function is both a crucial and potentially 

* Corresponding author. Duke University Hospital DUMC Box 3271, Durham, NC 27710, USA. 
E-mail address: jihad.abdelgadir@duke.edu (J. Abdelgadir).  

Contents lists available at ScienceDirect 

World Neurosurgery: X 

journal homepage: www.journals.elsevier.com/world-neurosurgery-x 

https://doi.org/10.1016/j.wnsx.2024.100341 
Received 13 September 2022; Accepted 21 February 2024   

mailto:jihad.abdelgadir@duke.edu
www.sciencedirect.com/science/journal/25901397
https://www.journals.elsevier.com/world-neurosurgery-x
https://doi.org/10.1016/j.wnsx.2024.100341
https://doi.org/10.1016/j.wnsx.2024.100341
https://doi.org/10.1016/j.wnsx.2024.100341
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wnsx.2024.100341&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


World Neurosurgery: X 22 (2024) 100341

2

intervenable area for improving the quality of life for aSAH patients. In 
this review, we aim to discuss the cognitive outcomes of aSAH and 
possible interventions for long term management. 

2. Methods 

There is very scarce data on rehabilitation strategies for aSAH sur
vivors. Both traumatic brain injury (TBI) and aSAH include mechanical 
stress to brain tissue and an imbalance between cerebral blood flow, 
metabolism, excitotoxicity, edema formation, and inflammatory and 
apoptotic processes. Furthermore, the presentation and improvement of 
cognitive deficits in aSAH and TBI follow parallel pathways during the 
recovery process.21 Due to similarities in cognitive outcomes and un
derlying pathophysiologic processes in aSAH and TBI, we thought it 
would be appropriate to extrapolate from the TBI literature on reha
bilitation strategies that would be applicable to the aSAH population. 

A literature review was conducted by searching PubMed for the key 
phrases” “Cognitive deficits”, “Cognitive impairment”, “Cognitive out
comes”, and “Cognitive rehabilitation” with “intracranial bleeding”, 
“stroke”, and “subarachnoid hemorrhage”. 

3. Results and discussion 

3.1. Cognitive outcomes 

In most vascular brain injuries, sensory and motor deficits pose the 
biggest challenges. In aSAH however, cognitive impairment is the pri
mary issue reported in survivors.11 Predictably, there are numerous 
factors specific to patients and their clinical courses that affect the 
likelihood of global cognitive dysfunction after aSAH. One major pre
dictor of poor cognitive outcomes is age, with patients under 50 
demonstrating better neuropsychological function than their older 
counterparts.22,23 After controlling for age, factors such as treatment 
method and presence of delayed cerebral ischemia (DCI) due to cerebral 
vasospasm may also play a role. For example, microsurgical clipping is 
associated with cognitive impairment compared to endovascular coiling 
in the immediate postoperative period and at 12-months post-
intervention.24,25 While the effect of aneurysm location on mean neu
ropsychological performance is equivocal, there may be an association 
between aneurysm location and particular cognitive domains.23 Yet, 
there is an association between the distribution of DCI and cognitive 
outcomes, with infarcts due to vasospasm of the middle cerebral artery 
and its perforators associated with worse performances on the Montreal 
Cognitive Assessment and Mini-Mental Status Exam at 3-months.23 

Nonetheless, it is more useful to describe cognitive outcomes in 
terms of deficits in specific cognitive domains, as different forms of 
dysfunction require different treatment approaches. Outcomes can be 
further described by specific domains of cognitive function. In this 
context, over 70% of aSAH survivors are found to have deficits in 
attention, executive function, memory, language and mood.26,27 

3.2. Executive function 

Executive function is a term used to encapsulate a broad-range of 
hypothesized cognitive processes, including planning, working memory, 
attention, inhibition, self-monitoring, self-regulation, and initiation.28 It 
is thought to be predominantly mediated by prefrontal areas of the 
frontal lobe.28,29 Given the diversity of cognitive processes considered 
executive function and the variation in neuropsychological tests used in 
studies, the prevalence of executive dysfunction in survivors of aSAH 
broadly ranges from approximately 3%–75%.12,30,31 Kreiter and col
leagues reported that age and education level are significant predictors 
of executive dysfunction after aSAH, as deficits are more pronounced in 
older patients with fewer years of education.32 Hunt and Hess grade was 
not found to be highly predictive of deficits in executive function, sug
gesting that secondary insults like hydrocephalus and complications of 

ischemia may play a more important role than the initial injury.13,32 

However, the impact of aneurysm location on the degree of cognitive 
dysfunction is inconclusive. While some studies reported anterior 
communicating artery, left anterior circulation, and vertebrobasilar 
system aneurysms to be associated with poor cognitive outcome,33–35 

others reported no relationship between aneurysm location and cogni
tive impairment.36–39 The main culprit of cognitive dysfunction has been 
reported to be the contact of subarachnoid blood with basal frontal and 
perisylvian cortices.11,32 In the same study, Kreiter and colleagues found 
that filling of the sylvian and anterior interhemispheric fissures with 
dense subarachnoid blood was strongly associated with dysfunction in 
visual and verbal memory.32 On the contrary, other investigators hy
pothesized that rather than focal lesions, aSAH causes global damage to 
the brain through elevated intracranial pressure, reduced blood flow, 
breakdown of the blood brain barrier, and global cerebral edema: the 
diffuse damage hypothesis.40,41 Bendel and colleagues’ findings on 
structural changes to the brains of aSAH survivors supported this hy
pothesis. After 1-year post-rupture, aSAH survivors showed ventricular 
and sulcal enlargement as well as significantly reduced total gray and 
white matter volume compared to the average population. Increasing 
gray matter volume loss was associated with poorer executive 
function.42 

The prevalence of executive dysfunction is affected by the length of 
the follow up period. Several investigators found that some domains of 
executive function significantly improve within the first year after 
hospital discharge.43,44 However, a study by Haug and colleagues sug
gests that different aspects of executive function recover at different 
rates.39 Although deficits in inhibition improved within 1-year after 
aSAH, impairments in cognitive flexibility and attention showed no 
improvement over the same period. These findings from longitudinal 
studies must be interpreted cautiously because tests of executive func
tion may be subject to practice effects.45,46 In order to accurately assess 
executive function in aSAH survivors, specific domains of executive 
function as well as follow up length and interval should be carefully 
considered. 

3.3. Language 

Language function is a broad category that encompasses the 
comprehension and expression of meaningful written and oral infor
mation. Similar to executive function, the prevalence of language 
impairment reported in aSAH survivors is quite variable. Due to the 
broad categories and different assessments used to define language 
dysfunction, studies report language deficits ranging from 0 % to 76% 
(Table 1).12,31 Factors including age, lack of education and anterior 
circulation aneurysms have also been linked worsening language func
tion in aSAH.32 

Yet, studies have shown significant improvements in language 
function within the first three months after aSAH that continue until 18 
months post-rupture.47 This improvement is not subject to practice ef
fect, given the nature of tests used for assessment. 

Table 1 
Prevalence and factors correlated with impairment across cognitive domains.  

Cognitive 
Domain 

Prevalence Age Education Neurological 
Grade 

Circulation 

Executive 
function 

3%–75% + – NA Inconclusive 

Language 0%–76% + – + Anterior 
Memory 14%–61% + – + Anterior 

+ = positive correlation with cognitive deficit, – = negative correlation with 
cognitive deficit, NA = no association. 
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3.4. Memory 

ASAH survivors suffer memory impairments that affect verbal, vi
sual, short-term, and long-term memory. Deficits in verbal memory are 
most common with a prevalence of 14%–61%.12,31 The prevalence of 
memory impairment in aSAH survivors depends on the type of memory 
in question, tests used and time of testing.47 Similar to improvements in 
language dysfunction, improvements in verbal and visual memory have 
been shown over time.47 Additionally, factors such as age, level of ed
ucation, neurological grade on admission and anterior circulation 
aneurysm have been reported to be significantly associated with mem
ory impairment in aSAH survivors.32 

3.5. Cognitive assessment 

In order to plan cognitive rehabilitation for aSAH survivors, detailed 
neuropsychiatric assessment is critical to assess cognitive abilities and 
identify cognitive deficits. Additionally, repeating these assessments at 
regular intervals is crucial to evaluate the effectiveness of ongoing 
treatment. Table 2 below shows some of the commonly used standard 
assessment tests for executive function, language, and memory. 

However, progress in neuropsychiatric assessments do not neces
sarily translate to improvements in functional outcomes and ability to 
perform activities of daily living (ADLs). Therefore, the functional in
dependence measure (FIM) and Disability Rating Scale (DRS) to assess 
functional outcomes should be employed in conjunction with neuro
psychiatric assessments to plan rehabilitation programs and evaluate the 
effectiveness of ongoing treatment. 

There is strong evidence that attention can be improved with specific 
skills training in patients with acquired brain injuries like TBI or 
aSAH.48,49 Attention process training (APT) is a direct attention training 
program that has been designed to improve and hopefully restore visual 
and auditory attention.49,50 APT targets five components of attention: 
Focused attention, sustained attention, selective attention, alternating 
attention, and divided attention. The training program consists of tasks 
with a hierarchical progression of increasing attention demands that 
progress from simple to complex distracters. APT can significantly 
improve complex attention, as TBI and stroke patients undergoing APT 
performed better in the Paced Auditory Serial Addition Test in multiple 
studies.49,51 Metacognitive remediation and cognitive behavioral psy
chotherapy are also shown to improve attention and overall executive 
function.52 Specifically, these therapies facilitate the treatment of 
attention, memory, language deficits, and social skills.53 Metacognitive 
training improves deficits in executive function by targeting the devel
opment of compensatory strategies. Through structured and repetitive 
cueing or encouraging repeated assessment and self-monitoring, meta
cognitive training helps to assess individual performance and reduces or 
prevents errors.54 Cognitive remediation alternatively includes direct 
attention training and compensatory strategy training with memory 
notebook and problem-solving strategies. Additionally, problem-solving 
training (PST) and goal management training have also been shown to 
be beneficial in improving executive function in persons with acquired 
brain injury.55,56 

3.6. Pharmacotherapy 

Amantadine, a dopamine receptor agonist, may facilitate the recov
ery of the nervous system after acquired brain injury. Amantadine is also 
an NMDA receptor antagonist, protecting neural cells against excito
toxicity. There is strong evidence to support the use of amantadine for 
cognitive rehabilitation in the acute phase of TBI.57,58 For example, a 
randomized controlled trial of 184 patients in unresponsive wakefulness 
syndrome or a minimally conscious state at 4–16 weeks post injury 
assigned participants to receive amantadine or placebo for 4 weeks.56 

When administered within the first few days following injury, the results 
supported that amantadine enhances attention, arousal, visuospatial 
function and overall executive function in TBI patients.57 However, it’s 
efficacy in chronic TBI is questionable. Another randomized controlled 
trial found that amantadine does not have an impact on cognition in 
chronic TBI patients beyond 6 months post-injury.59 Another challenge 
is that dosing and duration of amantadine use remain unclear. A recent 
study in rats with cortical injury found that amantadine (20 mg/kg) 
improved beam-balance recovery and spatial learning relative to pla
cebo.60 In the same study, no other doses were found to be effective. This 
indicates that the proper dosing of amantadine is crucial to its effect on 
cognitive recovery and should be carefully considered. 

Bromocriptine, a D2 dopamine receptor agonist, has also shown 
promise in mitigating deficits in executive function. A double-blind, 
placebo-controlled crossover trial tested a low dose of bromocriptine 
(2.5 mg/day) on 24 subjects. They found that there were gains in dual- 
task performance and on clinical measures of executive function.61 

3.7. Language 

Given the complexity of language disorders, we will discuss aphasia, 
apraxia, and social communication deficits for the purpose of this re
view. Speech and language therapy have been found to improve 
dysarthria and aphasia in acquired brain injuries. Some of the speech 
and language therapy strategies include constraint-induced aphasia 
therapy (CIAT).62–64 CIAT relies on the principle of continuous practice 
and uses language tasks of increasing difficulty with the constraint of 
compensatory (nonverbal) communication strategies.63 For those with 
apraxia - the inability to carry out a motor act despite intact motor and 
sensory pathways - Smania and colleagues found that gesture produc
tion exercises significantly improved movement deficits.65 

Impairments in social communication affect the vast majority of 
patients with TBI and significantly impact their ability to interact with 
others.66 Two randomized controlled trials have shown that pragmatic 
language skills, social behaviors, and cognitive training, along with 
psychotherapy for emotional adjustment, can significantly improve so
cial communication skills of acquired brain injury persons.67,68 Other 
methods that are shown to improve social communication skills of 
persons who suffered a brain injury are group-based interventions and 
specialized computer and internet training material.69,70 

An effective intervention for improving conversation skills among 
individuals with TBI is communication partner training.71 In particular, 
the TBIConneCT program trains both individuals with TBI and their 
common conversational partners to increase collaboration and decrease 
maladaptive behaviors thus creating more opportunities for effective 
conversation.72 After the TBIConneCT partner training, a recent study 
demonstrated conversation abilities improved for both TBI and non-TBI 
participants according to scores on the Measure of Participation in 
Conversation and the Measure of Support in Conversation rating scales 
as well as a blinded assessor.72 

3.8. Memory 

Cognitive rehabilitation therapies focus on either restoration or 
compensation for memory deficits.13 Thus far, there is no strong data to 
support the efficacy of restorative strategies.53,70 

Table 2 
Examples of standardized neuropsychological assessment tests.  

Cognitive 
Domain 

Standard assessment tests 

Executive 
function 

Stroop test, Trail Making Test, Wisconsin Card Sorting Test, 
Conners’ Continuous Performance Test-II (CCPT-II), Paced 
Auditory Serial Attention Test (PASAT) 

Language Boston Naming Test, Multilingual Aphasia Examination Token 
Test, Controlled Oral Word Association Test 

Memory Continuous Visual Memory Test (CVMT), Continuous Verbal 
Memory Test (CVLT), Wechsler Adult Intelligence Scale III (WAIS- 
III)  
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As for compensatory strategies, there is strong evidence supporting 
the use of external memory aids in compensating for memory impair
ments. Compensatory strategy training includes internalized strategy 
training, such as visual imagery, and external memory compensations, 
such as memory notebooks and assistive technology tools. These stra
tegies were found to be helpful in memory impairments after TBI and 
may be effective in aSAH as well.70 

Errorless learning, a method that facilitates compensatory strategies 
training by targeting individual-specific memory problems, also shows 
promise to be useful in memory impairments.70,73,74 In a randomized 
study to evaluate the effectiveness of a computerized, errorless, 
learning-based memory rehabilitation program, Dou and colleagues 
showed that the combined use of these approaches may be an effective 
way of enhancing memory in persons with acquired brain injury.73 

3.9. Pharmacotherapy 

Multiple studies have shown that donepezil, a centrally selective 
acetylcholinesterase inhibitor, can improve attention and memory im
pairments in patients with acquired brain injury.75,76 Additionally, a 
12-week course of rivastigmine, acetylcholinesterase and butyr
ylcholinesterase inhibitor demonstrated a positive impact on attention 
and working memory in aSAH survivors and TBI patients at a dosage 
reported for rivastigmine is 3–6 mg/day.77,78 

4. Discussion 

As the field of neurorehabilitation in aSAH continues to evolve, we 
present the first review to use the link between cognitive outcomes in 
TBI and aSAH as a launching point to explore future directions for 
improving cognitive deficits aSAH. While there is a paucity of ran
domized trials and literature in general that discusses ways to improve 
cognitive dysfunction in aSAH patients, the rich literature in TBI should 
be utilized to improve cognitive outcomes in aSAH as covered in this 
review. This paradigm shift is important to hasten the development of 
new protocols to address cognitive outcomes in aSAH survivors, which is 
a relatively smaller population with less funded research than the TBI 
population. 

First and foremost, aSAH patients require rigorous neuropsycholog
ical and functional evaluation before patients leave the hospital. It is 
crucial that domain-specific assessments in executive function, lan
guage, and memory are given to determine the particular deficits chal
lenging patients on an individualized basis. By engaging in early and 

frequent assessment, specific intervention plans can be created and, 
depending on their condition, even be employed before the patient 
leaves the hospital. Overall, this highlights the need for strong 
communication between hospital providers and rehabilitation facilities 
to effectively coordinate care for patients. 

After identifying cognitive deficits, the interventions reviewed may 
provide benefits to survivors of aSAH (Fig. 1). For instance, APT, met
acognitive training, and PST, as well as potential pharmacological in
terventions like bromocriptine and amantadine, may improve 
deficiencies in areas of executive function. For language deficits, CIAT 
and other group-based communication interventions are promising 
treatments for survivors of aSAH. Finally, compensatory strategies like 
errorless learning and internalized strategy training, in addition to 
pharmacological treatments like donepezil and rivastigmine, should be 
explored to address memory issues. 

5. Limitations 

While TBI and aSAH do share many characteristics that warrant 
comparison, they are nonetheless distinct clinical entities that may 
impact cognitive outcomes. These differences include but are not limited 
to the injuries distinct to TBI such as coup-contrecoup injuries and non- 
SAH bleeds, as well as difficulty quantifying the true prevalence of 
vasospasm and DCI in TBI (Fawaz et al 2017). As a result, further 
research is needed to demonstrate that the strategies currently employed 
to support cognitive recovery in the TBI population are similarly effec
tive for survivors of aSAH. Additionally, this review was not systematic 
and thus there may be additional rehabilitative strategies not covered in 
this review that warrant further exploration. 

6. Conclusion 

Given the similarities between TBI and aSAH, the interventions 
shown to be efficacious in improving cognitive deficits in TBI warrant 
further exploration in aSAH. In order to get more conclusive answers on 
the efficacy of these treatments for survivors of aSAH, controlled studies 
paired with standardized and frequent neuropsychological assessment 
of patients are required. Furthermore, understanding the impact of 
treatment onset and duration as well as the sustainability of cognitive 
improvements is crucial in determining the ideal approach to address 
cognitive deficits. Nonetheless, the TBI literature can hopefully serve as 
the foundation for mitigating the devastating cognitive deficits seen in 
survivors of aSAH. 

Fig. 1. Flow-chart summarizing rehabilitation strategies and pharmacological interventions to address deficits in executive function, language, and memory 
after TBI. 
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